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Consciousness is an explicit outcome of brain activity; however, it is reputed to be inapprehensible in 
physical terms. Here, I extract a macroscopic non-identity law from physics. Using this tool, I show visual 
awareness possesses a recurrent projection pathway from brain to observed object, and that the postponed 
out-of-body projection, whether superimposed onto or separated from its original, is a conscious visual 
outcome. These findings suggest that visual creatures possesses a gift of not only subjectively imaging in 
response to the messenger of original but also projecting the image back onto the original. The recurrent 
projection provides a foundation for understanding the subjectivity and intentionality of consciousness and 
the relationships between original, conscious outcome and expression, and paves the way for scientific 
research involving consciousness.
Consciousness is a knotty problem as to how to understand the 
universe and ourselves. It is the focus of mind-body problem 
regarding worldview long argued by the philosophers from 
different philosophical schools such as animism, dualism, 
materialism, idealism, and Kantianism (1). Contemporary 
scholars argued that consciousness is the biggest mystery and 
probably the largest outstanding obstacle in our quest for a 
scientific understanding of the universe (2). 
To understand consciousness, we need to answer three 
related questions: How does unconscious neural activity 
respond to an afferent sensory stimulus or memory recall, 
where and how does consciousness arise, and what is the 
outcome of brain activity? Significant progress has been made 
in the first question over the past century (3-5). For the second 
question, the scientific research on the biological basis of 
consciousness was resolutely started at the end of the last 
century (6-9), resulting in the determination of the most likely 
neural correlates of consciousness (NCC) that supports 
conscious experience (10). To date, however, it is still hard to 
give an unambiguous definition of consciousness, signifying 
that the problem has been encumbering the overall progress of 
scientific research involving it, such as philosophy, cognitive 
science, and artificial intelligence, for example, an opinion 
concerning conscious machines (11) inevitably aroused debate 
(12). 
It is believed that the major obstacle faced by scientific 
research on consciousness is the fact that physicalism fails to 
account for the existence of consciousness (2). To challenge 
this problem, a novel logic tool called macroscopic non-
identity law was extracted from physics, and applied to the 
analysis of the visual dynamics building on the entire pathway 
of stimulus-detector-output. The result shows that visual 
awareness can be understood in physical terms. In this essay, 
the term ‘visual awareness’ will be used in its broadest sense 
to refer to the entire process of sight including various 
objective and subjective behavior manifestations. 
Macroscopic non-identity law 
Logic is known to be a cognitive tool for understanding the 
things in the universe, in which the identity law, one of the 
three basic laws, is denoted as  
𝑄 = 𝑄, 𝑜𝑟 𝑄 → 𝑄, 
where 𝑄  is a thought object such as name, concept, 
relationship or event. Obviously, the definition of the law is 
tautology, which is to say nothing at all (13). 
Here, I endeavor to challenge the identity law. It is known 
that time, space, and matter are the three measurable 
interdependent elements to constitute the universe, and that 
any object reveals itself (endurance, size and position) by its 
interactions with the surroundings (14). An object can be 
therefore denoted by 
𝑄 = 𝑄(𝑚, 𝑠, 𝑡), 
where 𝑄  is an alias of the object, it depends on three 
measurable physical parameters, 𝑠 , 𝑡 , and 𝑚 , in which 𝑠 
denotes the shape and location of 𝑄, 𝑚 the mass of 𝑄, and 𝑡 
the time, whose values determined by its interactions with the 
surroundings. 
Firstly, consider two isolated condensed objects, 𝑄(𝑚, 𝑠, 𝑡) 
and 𝑄ᇱ(𝑚ᇱ, 𝑠ᇱ, 𝑡), in an inertial frame of reference (Fig. 1A). 
Each macroscopic condensed matter consists of a large 
number of particles under four interaction forces. Suppose 𝑄 
contains 𝐽(𝑡)  elementary particles {𝑞ଵ, 𝑞ଶ, ⋯ 𝑞௃(௧)}  at 𝑡 , and 
the ith particle 𝑞௜ possesses the mass 𝑚(𝑖) and the occupying 
space 𝑠(𝑖). Thus 𝑄 possesses the shape and location expressed 
by 𝑠 = ⋃ 𝑠(𝑖)಻(೟)೔సభ  and the mass denoted by 𝑚 = ∑ 𝑚(𝑖)
௃(௧)
௜ୀଵ . 
Similarly, 𝑄ᇱ  containing 𝐾(𝑡)  elementary particles 
൛𝑞ଵᇱ , 𝑞ଶᇱ , ⋯ 𝑞௄(௧)
ᇱ ൟ  at 𝑡  possesses the shape and location 
expressed by 𝑠ᇱ = ⋃ 𝑠ᇱ(𝑖)௄(௧)௜ୀଵ  and the mass denoted by 𝑚
ᇱ =
∑ 𝑚ᇱ(𝑖)௄(௧)௜ୀଵ . Obviously, both macroscopic objects do not share 
any particle at any time, and hence a term ‘absolute non-
identity law’ can be defined as  
𝑄ᇱ ∩ 𝑄 = ∅. 
Fig. 1. Identifying object in inertial frame of reference. (A) 
Discriminating two objects in the space dimension. An observer sees 
simultaneously two objects 𝑄 and 𝑄ᇱ that locate at different places 
at the same time 𝑡଴ . (B) Identifying one object in the time 
dimension. An observer watches an object 𝑄 at 𝑡଴ for the first time; 
after closing eyes for ∆𝑡, he/she watches an object 𝑄ᇱ again at 𝑡଴ +
∆𝑡, in which 𝑄ᇱ is the continuation of 𝑄 in the course of time. 
2 
 
Note that both macroscopic things are isolated as long as 
their spaces are independent at the same time, the absolute 
non-identity law can be further defined as 
∀(𝑡)(𝑠 ∩ 𝑠ᇱ = ∅) → 𝑄ᇱ ∩ 𝑄 = ∅ . 
Secondly, suppose that there is only one object in the inertial 
frame of reference (Fig.1B), the observer sees an object 
𝑄(𝑚, 𝑠, 𝑡) at 𝑡଴. Closing the eyes for ∆𝑡, he/she opened his/her 
eyes again and sees an object 𝑄ᇱ(𝑚ᇱ, 𝑠ᇱ, 𝑡)  at 𝑡ଵ = 𝑡଴ + ∆𝑡 
(∆𝑡 ≠ 0). Weather 𝑄ᇱ is identical with 𝑄? 
It is known that each spinning particle in 𝑄 interacts with 
one another, resulting in the creation, decay and annihilation 
of particle, whose position and momentum cannot be, even in 
principle, determined precisely (14). Meanwhile, substances 
have continuously adsorbed on or escaped from 𝑄 in the open 
system. Taken together, both spatial structure and mass of 𝑄 
has been altering perpetually, and therefore, at least, the 
number of varied particles in 𝑄ᇱ observed at 𝑡ଵ is not identical 
with that of 𝑄 at 𝑡଴. Thus, a term ‘relative non-identity law’ 
can be defined as 
∀(𝑡଴)∀(𝑡ଵ)(𝑡ଵ ≠ 𝑡଴) ⟶ 
(𝑄ᇱ ∩ 𝑄 ≠ 𝑄)⋀(𝑄ᇱ ∩ 𝑄 ≠ 𝑄ᇱ)⋀(𝑄ᇱ ∩ 𝑄 ≠ ∅), 
here 𝑄ᇱ is the continuation of 𝑄 in the course of time. 
The absolute non-identity law provides a way as to how to 
discriminate one macroscopic thing from others in the space 
dimension, whereas the relative non-identity law indicates the 
evolution of one macroscopic thing in the time dimension. 
Both have much more reductive signification than identity 
law. For example, by non-identity law, we can readily solve 
some classic paradoxes like the ship of Theseus and the 
dispute over whether man can step in the ‘same’ river twice. 
In the following sections, we will find that non-identity law is 
essential as a tool of reductionism for elucidating what visual 
awareness is. 
Classic brain-generated imagery projection from brain 
to observed object 
Visual awareness is a vital component of consciousness, with 
which almost half of the cerebral cortex is involved. 
Furthermore, it has several well-known advantages over other 
components (6), in particular, it is scarcely affected by 
emotion. It has therefore become the optimal subject for the 
investigation of consciousness. To date, most researches on 
visual awareness have focused on the dynamics of visual 
system through visual masking and/or transcranial magnetic 
stimulation (15-17). Nevertheless, the contribution of both 
messenger of the observed object and visual outcome to the 
visual dynamics has been overlooked. I will revisit the visual 
dynamics over the complete visual pathway beginning with an 
observed object and ending with the outcome of visual 
awareness by combining the first- and third-person data (18).  
Let us first revisit the process of brain-generated imagery. 
Suppose that there is a ball in the dark (Fig. 2A), and let it be 
denoted as 
𝑄(𝑚, 𝑠, 𝑡), 
here the ball 𝑄 in the dark is unknown for all observers, and 
hence it can be called original or thing-in-itself. To explore 
actively an unknown thing, a regular stimulus-detector-output 
test is usually required, as we have been doing in other 
scientific fields. Here a single-pulse diffuse reflection 
stimulation is first conceived to construct a dark-to-light-to-
dark stimulus paradigm, whereas the human visual system acts 
as a detector. Compared with self-luminous masking, this 
stimulation paradigm is closer to the natural vision and has an 
advantage that the darkness cannot induce retina to encode 
effectively, thereby excluding the potential interference after 
and before the visual stimulus. The psychophysical test shows 
that just 500  us, the duration of a single-pulse flash, is 
adequate for the subjects (𝑛 = 18) to report correctly their 
perceptions of a still life while under the preinduced 
accommodation condition (fig. S1 to S4). 
Having a rough outline of visual stimulus-response effect, 
let us now consider specifically how the effect happens in the 
detector. Building on the psychophysical test, a visual 
dynamics model with a single-pulse diffuse reflection stimulus 
is proposed (Fig. 2). In the model, the flash, when turned on at 
𝑡ଵ , starts to emit broad-spectrum photons, which are called 
detective photons, and then strike the surface of 𝑄. Some of 
the photons are absorbed, whereas the rest are diffused around, 
a part of which enters eyes (Fig. 2B). The process can be 
denoted as 
௣೏(௧భ)ሱ⎯⎯⎯ሮ 𝑄(𝑚, 𝑠, 𝑡ଵ)
௣ೝ(௧భ)ሱ⎯⎯ሮ, 
where 𝑝ௗ  is the detective photons, and 𝑝௥ , some reflected 
photons, a stray light cone entering the retina, is the messenger 
light of 𝑄, carrying the absorption and reflection information 
of 𝑝ௗ  interacting with 𝑄  at 𝑡ଵ  (Fig. 2E). For simplicity, the 
space and mass parameters are omitted. 
Subsequently, the retina performs the light-to-electricity 
transduction: the messenger light induces the rods and cones 
to trigger chemical signals continually; these signals are sent 
through bipolar cells to retinal ganglion cells, in which the 
chemical signals are eventually encoded as trains of action 
potential (APs) that facilitates the information propagation 
over the long-distance optic nerve (4, 5). There is evidence that 
some ganglion cells has a response peak only 20 ms after flash 
onset (4). The light-to-electricity transformation that takes 
place in the retina, can be described as 
௣ೝ(௧భ)ሱ⎯⎯ሮ 𝑅𝑒𝑡𝑖𝑛𝑎
ொᇲ(௘ᇲ, ௦ᇲ, ௧భା∆௧ೝ೐)ሱ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ሮ, 
where 𝑄ᇱ denotes APs, the encoding of messenger light, 𝑒ᇱ 
and 𝑠ᇱ are, separately, the bioelectrical energy and the finite-
dimensional traces of 𝑄ᇱ, and ∆𝑡௥௘ is the latency of retina. The 
messenger light signaling pathway, 𝑄
௣
→ 𝑅𝑒𝑡𝑖𝑛𝑎  (here 𝑝 
denotes the messenger light), a feedforward signaling pathway 
(FSP), is termed FSPm. 
Thus far, the retina has accomplished a task that includes 
light-to-electricity transduction, acquisition, and iconic 
memory of a snapshot of the original. At this point, image 
acquisition devices can directly project an image onto a screen 
for us, then where and how does the human visual system 
present what one sees for oneself? 
It is known that the encoding 𝑄ᇱ  of messenger light 
subsequently enters the brain to innervate the various neural 
populations to deal with the distributed calculations of 
conjunction, disjunction or Boolean logic (4). Firstly, 𝑄ᇱ 
propagates forward through the lateral geniculate nucleus 
(LGN) to the primary visual cortex (PVC) (Fig. 2C)—
electrophysiological study demonstrates that the retinocortical 
transmission time ∆𝑡௥_௖ varies from 55 to 70 ms and averages 
around 60 ms (16) (Fig. 2E). Next, the encoding is principally 
divided into two pathways: a dorsal pathway from PVC 
through a number of extrastriate areas in the parietal lobe to 
the frontal lobe, and a ventral pathway from PVC through the 
inferior temporal cortex to the frontal lobe, which was first 
discovered for monkey (19). Besides, the propagation of APs 
in the lateral and feedback (recurrent) connections, in which 
the same cortical neurons contribute to different analyses at 
different moments in time, can be incorporated into a 
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sweeping feedforward–feedback response (17). 
In general, the dorsal pathway is used to process the spatial 
information (position, motion, speed), whereas the ventral 
pathway to process information about form (color, shape, 
texture), both of which also exist in other sensory systems (4). 
Though unconscious, the stage that 𝑄ᇱ propagates sweepingly 
in the brain is not only correlated with consciousness, but also 
necessary for it (16). Compared with image acquisition  
devices, the added sweeping feedforward–feedback response 
shows that the brain makes an extraordinary effort to image. 
If all goes well, the above distributed encodings of a 
snapshot of 𝑄 is eventually bound together (8), and at length, 
a perception of 𝑄  arises from NCC that is believed to be 
primarily localized to a posterior cortical hot zone including 
sensory areas (10). However, there is still active debate as to 
the layout of NCC in brain (20), and hence NCC is still an 
open-ended question. Consider that no consequence is altered 
by the layout pattern of NCC (local or global), the statement 
of the posterior cortical hot zone is adopted in this study for 
simplicity. 
Thus far, the AP pathway 𝑅𝑒𝑡𝑖𝑛𝑎
ொᇲ
→ 𝑁𝐶𝐶, the second part 
of FSP, has gradually presented, which is termed FSPa. The 
experiment that perception is blocked by TMS pulses being 
applied to early visual cortex shows that the duration of 
unconscious brain activity after stimulus onset, ∆𝑡ிௌ௉௔ =
∆𝑡௥_௖ + ∆𝑡௙_௙, typically ranges from 80 ms to 120 ms (15, 16), 
where ∆𝑡௙_௙ is the duration of feedforward–feedback response 
(Fig. 2E). The figure is in line with other studies, for instance, 
the critical flicker fusion frequency of humans is 60 Hz (21), 
and the perception happens at around 80 ms after stimulus 
onset in the flash-lag effect experiment (22). 
Although the start time of visual experience can be 
experimentally measured as above, the end time is difficult to 
measure because the biomarker of consciousness is yet 
undetermined, and therefore the duration of NCC activity, ∆𝑡ே, 
remains unknown. By contrast, another issue of greater 
concern is surfacing: What is the output of physically visual 
processing? It should heed the fact that the migrating APs 
carrying all visual information regarding 𝑄 is situated inside 
the brain (Fig. 2C), and hence the output of visual processing 
should be likewise confined to the brain. However, the 
amazing thing is that although the real world is dark, an orange 
ball 𝑄ᇱᇱ appears in front of the observer—rather than inside the 
brain of the observer (Fig. 2D). Though short-lived, 𝑄ᇱᇱ is a 
real experience for the observer, and no matter what it is, it 
always can be expressed by 
𝑄ᇱᇱ(𝑚ᇱᇱ, 𝑠ᇱᇱ, 𝑐, 𝑡ଶ), 
where 𝑄ᇱᇱ denotes what one sees in front of him/her, it can be 
described with four parameters: 𝑚ᇱᇱ is the unknown mass of 
𝑄ᇱᇱ, 𝑠ᇱᇱ is the space occupied by 𝑄ᇱᇱ, 𝑐 denotes the color of 𝑄ᇱᇱ, 
and 𝑡ଶ (that is, 𝑡ଵ + ∆𝑡ிௌ௉௔) at which perception emerges from 
NCC (Fig. 2E). 
Obviously, the brain-generated imagery 𝑄ᇱᇱ , outside the 
observer’s body, is a visual conscious outcome—the so-called 
visual awareness in a narrow sense. There is no doubt that a 
transformation has occurred in NCC, 
𝑁𝐶𝐶 ⇒ 𝑄ᇱᇱ(𝑚ᇱᇱ, 𝑠ᇱᇱ , 𝑐, 𝑡ଶ). 
Fig.2. Spatiotemporal dynamics model of vision with stimulus of single-pulse diffuse reflection. (A) An original 𝑄 is in a 
darkness, while the world and perception are all dark. An accommodation pattern is built in advance using a weak LED crosshair. (B) 
Messenger light pathway of FSP (FSPm). Some detective photons (𝑝ௗ) are reflected by 𝑄, of which 𝑝௥ converging at the retina are encoded 
as APs (𝑄ᇱ) and submitted to the optic nerve, while the perception is still dark. (C) APs pathway of FSP (FSPa). 𝑄ᇱ have been relayed through 
LGN to PVC in ∆𝑡௥_௖. Then, it takes ∆𝑡௙_௙  for 𝑄ᇱ to propagate in a feedforward-feedback pathway (red bidirectional long-dash ring). Finally, 
𝑄ᇱ feeds back into the posterior parietal cortex (PPC, Cyan area). Meanwhile, everything is in the darkness. (D) Out-of-body projection 
(OBP). After previous unconscious brain activity, the world is still dark, whereas a bright image 𝑄ᇱᇱ arising from the PPC hot zone (yellow 
area, the likely NCC) appears in front of the observer, and there is therefore a recurrent OBP pathway linking 𝑄ᇱto 𝑄ᇱᇱ . Subsequently, 
everything falls into darkness. (E) Integrated temporal dynamics of visual awareness. The reflected 𝑝ௗ shaping FSPm at 𝑡ଵ has been encoded 
as 𝑄ᇱ in the retina for at least 20 ms. Subsequently, 𝑄ᇱ has propagated through the rest of FSPa to NCC, from which the perception 𝑄ᇱᇱ of 𝑄 
arises at 𝑡ଶ. The duration of unconscious response concerning a snapshot, 𝑡ଶ − 𝑡ଵ, is between 80 ms and 120 ms, in which the retinocortical 
transmission time is around 60 ms. Except for OBP, all figures are adapted from Ref. 4, 5, 10, 15-17. 
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Analogy with the projectors, the behavioral manifestation of 
recurrent projection is termed ‘visual projection’, whose 
outcome 𝑄ᇱᇱ is an out-of-body projection (OBP) in response to 
the messenger light of the original 𝑄. 
So far, the primary visual dynamics is presented. Let us 
now consider the relationships between 𝑄, 𝑄ᇱ, and 𝑄ᇱᇱ. Firstly, 
the encoding 𝑄ᇱ of the messenger light and the original 𝑄 are 
located at both ends of FSPm pathway, and hence 
𝑠⋂𝑠ᇱ = ∅. 
Thus, by the absolute non-identity law, we get 
𝑄⋂𝑄ᇱ = ∅, 
that is, 𝑄ᇱ and 𝑄 are two different things. 
Similarly, 
𝑄ᇱᇱ⋂𝑄ᇱ = ∅, 
𝑄ᇱᇱ and 𝑄ᇱ are therefore two different things. 
From these two expressions, we are yet unable to deduce the 
relationship between 𝑄ᇱᇱ and 𝑄 . However, we know that the 
visual outcome 𝑄ᇱᇱ  occurs about 100 ms after the visual 
stimulation (Fig. 2E), and by the relative non-identity law, at 
least we are able to deduce that 𝑄ᇱᇱ is not entirely identical 
with 𝑄 , which is because 𝑡ଶ ≠ 𝑡ଵ . Then, what is the spatial 
relationship between 𝑄 and 𝑄ᇱᇱ? 
Firstly, let us review how spatial information regarding an 
object of attention is generated, submitted and processed in the 
visual system. There is evidence that the visuospatial 
information regarding gaze direction and gaze distance is 
common to all visual cortical areas (23). Where does the 
common information come from?  
In conjunction with the mechanism of eye movement, 
pupillary reflex, and accommodation (4), a symbolized visual 
pathway—a semi-closed loop pathway with two consecutive  
transformations—can be extracted from the above visual 
dynamics model (Fig. 3A). In the pathway, the encodings 
𝑄௠௢௩ᇱ  and 𝑄௩௚௡ᇱ  are correlated with the direction and distance 
of an observed object, and that an optical focus is achieved by 
applying the encodings to a biological closed-loop system, in 
turn, the information of direction and distance of an observed 
object can be resumed by the encodings. Thus, I presumably 
infer that the sites at which the encodings 𝑄௠௢௩ᇱ  and 𝑄௩௚௡ᇱ  that 
are privately encoded for an optical focus provide a copy of 
the encodings as a raw direction and distance information to 
all visual cortical areas to deal with the intermediate- and high-
level visuospatial processing based on size constancy, such as 
shape recognition, motion, and speed (4, 24). 
Secondly, a spatial orientation has been developed by long-
term multisensory training, for example, visuotactile 
integration (25-27). It is known that when instructed to touch 
something, a blindfolded subject has a tactile experience 
𝑄௧௢௨ᇱᇱ (𝑝௧௢௨ᇱᇱ , 𝑠௧௢௨ᇱᇱ , 𝑘௧௢௨ᇱᇱ , 𝑡)  of 𝑄 , where 𝑝௧௢௨ᇱᇱ  is the perceived 
pressure in response to the electromagnetic interaction that 
occurs at the contact interface, 𝑘௧௢௨ᇱᇱ  is the perceived 
temperature of 𝑄 . It should be pointed out that only four 
parameters are used here for simplicity, and however, more 
parameters can be used if necessary. Obviously, the tactile 
outcome is not located inside the brain but at the contact 
interface. Thus, similar to the symbolized visual pathway, we 
can get a symbolized tactile pathway—a closed-loop pathway 
with two consecutive transformations (Fig. 3B). 
In contrast with visual system, the tactile receptors, the 
farthest node of the closed-loop pathway of touch, can directly 
approach an object (Fig. 3C). For example, to explore the 
world, the encoding 𝑄௠௢௧ᇱ   encoded by the motor system 
voluntarily moves the arm and fingers until the fingers touch 
an object, hence a contact interface 𝑄∥Finger, in which the 
electromagnetic interaction occurs. Subsequently, the 
encoding of electromagnetic interaction, 𝑄௧௢௨ᇱ  , feeding back 
into the brain, mediates NCC to project a tactile perception 
𝑄௧௢௨ᇱᇱ  to the contact interface. Thus, 𝑄௧௢௨ᇱᇱ  is conformity with 𝑄, 
that is, 𝑠௧௢௨ᇱᇱ ≈ 𝑠. Besides, there is evidence demonstrates that 
sight and touch can calibrate the spatial information of the 
same object with each other (26), implying that 𝑠ᇱᇱ ≈ 𝑠௧௢௨ᇱᇱ  . 
Therefore, 𝑠ᇱᇱ ≈ 𝑠 . The result suggests that visual OBP is 
spatially superimposed on the object being directly observed. 
In summary, we can draw a conclusion that visual 
awareness possesses an FSP-OBP pathway, 
𝑄
௣
→ 𝑅𝑒𝑡𝑖𝑛𝑎
ொᇲ
→  𝑁𝐶𝐶 ⇒ 𝑄ᇱᇱ , in which 𝑄
௣
→ 𝑅𝑒𝑡𝑖𝑛𝑎
ொᇲ
→ 𝑁𝐶𝐶  is 
the unconscious FSP, whereas 𝑁𝐶𝐶 ⇒ 𝑄ᇱᇱ  is the conscious 
OBP pathway. In comparison with machine vision, NCC 
contributes to not only reconstructing an image 𝑄ᇱᇱ but also 
projecting the image onto its original. In fact, scholars have 
been aware of OBP of afterimage for a long time, and have 
proposed Emmert’s law hypothesis (28), which provides 
nontrivial clues for revealing visual awareness. Perhaps 
because later research has focused on feedforward size-
Fig. 3. Visual-tactile intercalibration based on pathways of 
vision and touch. (A) Semi-closed loop pathway of vision. When 
an observer stares at 𝑄, the encoding 𝑄ᇱ of the light messenger 𝑝 is 
propagated to feedforward–feedback circuitry (ellipsoid). 
Meanwhile, the encoding 𝑄௠௢௩ᇱ  coming from the cortical areas 
innervates six extraocular muscles to move the eyeball in the orbit, 
pointing the fovea toward the fixation point (FP) on 𝑄, whereas the 
encoding 𝑄௩௚௡ᇱ  deriving from the optic nerve innervates the ocular 
muscles to control the pupil and lens. As a result, the biological  
closed-loop control system only allows a narrow beam of messenger 
light of FP to focus on the fovea and collaterally allows the 
messenger light of 𝑄 to focus on the retina. At length, a sharp image 
𝑄ᇱᇱ is projected back to 𝑄 by NCC (the top directed line). (B) Closed-
loop pathway of touch. The encoding 𝑄௠௢௧ᇱ  controls the 
coordinated arm-wrist-finger motion until fingers touch an object. 
Consequently, the encoding 𝑄௧௢௨ᇱ  of the electromagnetic 
interaction occurring at the interface, 𝑄∥Fingers , is propagated 
through the feedforward–feedback circuitry into NCC, by which a 
tactile experience 𝑄௧௢௨ᇱᇱ  is projected to the interface. (C) Visual-
tactile intercalibration. The detective photons along visual FSPm 
pathway reach to the retinae, in which AP trains are encoded and 
conveyed to visual cortex (VC), whereas the tactile encoding 
through tactile nerve and spinal cord enters somatosensory cortex 
(SSC), both of which flow through the feedforward-feedback 
pathway to NCC. At length, an image 𝑄ᇱᇱ  projected onto 𝑄  is 
confirmed by the tactile perception 𝑄௧௢௨ᇱᇱ . Except for OBP, all figures 
are adapted from Ref. 4, 5, 10. 
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constancy instead of visual projection (29), and due to an 
unexplainable deviation between the hypothesis and fact (30, 
31), the visual projection has not yet been developed into a 
universal visual principle until now. 
Nontrivial brain-generated imagery projection 
separated from its original 
As described above, a classic visual pathway is 𝑄
௣
→ 𝑅𝑒𝑡𝑖𝑛𝑎
ொᇲ
→ 𝑁𝐶𝐶 ⇒ 𝑄ᇱᇱ , in which 𝑄ᇱᇱ  is usually projected onto its 
original 𝑄  that can be reciprocally verified by tactile 
perception, enabling one to easily believe that what one sees 
is exactly the object itself. However, another thing that each of 
us encounters every day should have made us change this 
impression, but perhaps it is a very common event happening 
to us, so little attention is paid to it—it is none but the mirror 
image. 
To revisit the mirror image, let us conceive a thought 
experiment on the mirror image (Fig. 4). When the observer 
looks toward the mirror, the messenger light pathway of 𝑄 is 
𝑄
௣
→ 𝑚𝑖𝑟𝑟𝑜𝑟
௣
→ 𝑅𝑒𝑡𝑖𝑛𝑎 , where its FSPm is deflected by a 
mirror, and hence there are two segments of messenger light 
pathway: S1, a pathway from object to mirror, and S2 from 
mirror to retina. The same is true for the messenger light 
pathway of the fixation point on 𝑄 . The messenger light 
converging at the retina is encoded as 𝑄ᇱ, which through optic 
nerve enters the brain for visual processing. To clearly see the 
image 𝑄ᇱᇱ behind the mirror, similar to classic brain-generated 
imagery, here the encoding 𝑄௠௢௩ᇱ  innervates the extraocular 
muscles to point the fovea in the opposite direction to S2, and 
the encoding 𝑄௩௚௡ᇱ   innervates the ocular muscles to 
accommodate the optical system to focus the messenger light 
of the fixation point (the center line of S1 and S2) on the fovea. 
At length, the observer ‘sees’ a sharp image 𝑄ᇱᇱ behind the 
mirror.  
Let us remove the mirror and box, move the ball to the place 
where the previous 𝑄ᇱᇱ  used to be, and leave the rest 
unchanged. When the observer fixates on the current fixation 
point (that is, the previous virtual fixation point), the terminal 
pathway of the current FSPm is in line with the previous S2, 
and hence the encodings 𝑄௠௢௩ᇱ  and 𝑄௩௚௡ᇱ  for the current FSPm 
are the same as the one for S2. The same is true for the 
intermediate- and high-level visuospatial processing. 
Therefore, in either case, NCC projects the same image to the 
same place in either case, that is, the two observation modes 
are equivalent in visual experience. To distinguish them, the 
OBP that is spatially superimposed on its original is termed 
classic projection, whereas other OBPs are called nontrivial 
projections, such as starlight deflection, mirror image, 
afterimage, and imagination. 
More importantly, contrary to classic brain-generated 
imagery that is superimposed onto its original, mirror image 
clearly shows that 𝑠ᇱᇱ⋂𝑠 = ∅ , and hence 𝑄ᇱᇱ⋂𝑄 = ∅ , 
revealing that visual projection 𝑄ᇱᇱ and its original 𝑄 are two 
different things. 
Besides, mirror image being spatially separated from its 
original provides evidence that the OBP pathway in response 
to the messenger light of an original is of constancy, and that 
the projection of brain-generated imagery can be manipulated 
by regulating or reconstructing FSPm. The FSPm-regulating 
technique whereby FSPm is regulated in real time has long 
been used to make such optical tools as microscope, telescope, 
periscope, and spectacles, whereas the FSPm-reconstructing 
technique whereby FSPm can be reconstructed anytime and 
anywhere is used for the image and video production such as 
3D painting, 3D movie, and virtual reality (VR). In addition, 
the FSPm-regulating technique can be used to treat such 
chronic neurological disorders as phantom limb pain and 
hemiparesis from stroke (32). It can even be used to unveil 
some nontrivial mental phenomenon, for instance, out-of-body 
experience (OBE) (33, 34). In a word, these are not isolated 
manifestations, but the different appearances of nontrivial 
projections of visual awareness whose FSPm is regulated, 
reconstructed or simulated. 
To understand classic and nontrivial projections better, a 
scene that one ‘ball’ and two mirror images appear 
simultaneously in a visual field was constructed (fig. S5). 
Which one is true? By the OBP principle, the ‘ball’ that one 
could touch was actually a classic projection onto its original, 
whereas the two mirror images were nontrivial projections, 
and hence they are all true images, but none of them is a real 
object. By the non-identity law, the three images locating at 
different positions are three things. However, there is little 
doubt that all of them, which are very much alike in 
appearance, correspond to the same unknown original. This 
provides evidence that an original can present multiple images 
to an observer simultaneously, and that these images should 
fall into the same category according to the well-known 
taxonomy. 
Is visual projection a physical behavior? 
In general, consciousness is regarded as the subjective 
experience beyond the material world. It has several typical 
components such as sensation, emotion, reasoning, 
imagination, and self-awareness, which possess some 
common features such as subjectivity and intentionality (35). 
As a representative sensation, what about the visual awareness? 
Firstly, visual awareness is founded on a FSP-OBP pathway, 
in which FSP has a physical delay of approximate 100ms after 
Fig. 4. Visual projection with FSPm being regulated by a 
mirror. A mirror fixes on one side of a sealed metal box, whereas a 
ball 𝑄, covered by a barrier, hangs above the observer. The lamp, 
when turned on, has fired detective photons, whose FSPm from the 
unknown object 𝑄 to the retina of the observer is divided into two 
segments, S1 and S2. The messenger light of S2 induce retina to fire 
APs, 𝑄ᇱ, from which the encodings 𝑄௠௢௩ᇱ  and 𝑄௩௚௡ᇱ  arise to control 
the optical system. As a result, the messenger light of fixation point 
is focused on the fovea, and the messenger light of 𝑄 is focused 
collaterally on the retina. At length, a sharp reflection 𝑄ᇱᇱ  of 𝑄 
appears behind the mirror. 𝑄ᇱᇱ  and 𝑄  should be symmetric with 
respect to the mirror though never measured. 
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retina receiving messenger light (Fig. 2E). Similarly, related 
research on motion control demonstrates that a decision can be 
encoded in the prefrontal and parietal cortex up to 10 s before 
it enters awareness (36). In addition, the lesion to the FSPa 
poses a loss of conscious outcome, for example, blindsight 
(37, 38), and motion-blind (39). Nevertheless, even though 
FSP functions normally, all brain activities do not cause 
conscious awareness (40). This converging evidence shows 
that the postponed conscious outcome of sight and motion is 
determined by the sophisticated brain activity, supporting the 
conclusion that conscious outcome is neither predictive nor 
online but is postdictive (22) and the hypothesis that conscious 
outcome is a collateral product or epiphenomenon of brain 
activity (41). 
Secondly, the media of the FSP (𝑄
௣
→ 𝑅𝑒𝑡𝑖𝑛𝑎
ொᇲ
→ 𝑁𝐶𝐶) are 
known to be photons and APs separately. Analogously, we 
assume that the medium of OBP is 𝑥, and hence the updated 
OBP expression is: 𝑁𝐶𝐶
௫
⇒ 𝑄ᇱᇱ. Then, what is 𝑥? It is known 
that the materials that support the life system are the same as 
those in the universe—after all, it creates us. Since the 
operation of an object can be influenced by the interaction with 
other objects (14), we can always use certain material to 
intervene with OBP if the visual projection is a physical 
behavior, as we have been doing in other scientific 
experiments. However, we have never encountered a situation 
that a wall, a sealed metal box or anything else blocked the 
OBP pathway and obstructed visual perception. Moreover, 
color, which is a property of the visual outcome, can not be 
deduced from the three fundamental elements in physics. 
Therefore, the converging evidence shows that although an 
outcome of physical brain activity, the brain-generated 
imagery is not a physical thing, thereby falling into the so-
called subjectivity category (35) or the transcendental 
category (1). 
Thirdly, it should be pointed out that the subjective image is 
projected along a pathway opposite to FSPm (Fig. 2 and 3A), 
signifying that NCC possesses an ability of voluntary OBP, 
whose behavior can be termed ‘projection intentionality’. This 
evidence shows that there is an instinct for subjective OBP to 
follow its original in the brain-generated space—just like a 
searchlight trying to track and shine on a moving object in the 
darkness. The same is true for other sensations such as touch 
and hearing, signifying a spatially outspread tension of human 
imagination. Thus, it can be inferred that intentionality is one 
aspect of the subjectivity of consciousness, and that the 
recurrent projection may be the origin of the intentionality of 
consciousness. 
Taken together, all experiences, the responses to the 
messengers of particular originals or memory recall, should 
likewise fall into the subjective manifestation category. For 
example, ‘space’, ‘time’ and ‘acting force’, though regarded as 
so-called objective things, they are merely the measurable 
components of conscious outcomes that can be reciprocally 
verified by different perceptions (especially visual and tactile 
perceptions). In short, what one perceives may be just a 
fantasy that reflects the reality—none of the experiences is 
original itself, but they are merely subjective brain-generated 
imagery that metaphysically reflects particular originals. 
Relationships between original, manifestation, and 
expression 
Thus far, a panorama of the universe is unfolded: the world, 
for an observer, is composed of dark originals, originals’ 
messengers that can be perceived by observers, the body in 
which two transformations occur, and the subjective 
perception (conscious outcome, also known as imagery, 
representation or manifestation) that follows or reflects the 
dark originals. This corroborates the following famous 
philosophical ideas: Though the thing is completely unknown 
to us as to what they may be in themselves, we know through 
the representations which their influence on our sensibility, 
and to which we give the name of a body (1); Manifestation 
stems from thing-in-itself, consequently, thing-in-itself and its 
manifestation are the same though named differently, which 
are called mysteries, and the mystery (darkness) underlying 
the mysteries is the gateway to all understanding (42). 
However, the nontrivial projection and invisible originals 
(such as air and thermal radiation) provide evidence that in 
some cases, manifestation deviates remarkably from its 
original, and even absent from the revelry of varied originals. 
A manifestation is therefore a limited and nontrivial reflection 
of the originals in some cases. It must be emphasized that a 
manifestation, a response to messengers of a particular 
original, is trustworthy, but more questionable. 
Since a manifestation that arises from one’s NCC and fades 
away as the messengers disappear is a transient, private and 
subjective event unknown to others, how do we record and 
express our feelings and communicate with each other? In fact, 
we have to use certain languages (gesture, sound, character, 
symbol or drawing) that can be perceived by sight and hearing 
to describe, name and record the appearances and events, and 
build up statistically causal nexuses between different 
apparent events. The process is termed apparent expression, 
which is an abstract and limited mapping to manifestations, 
and hence it is full of symbolization and suggestiveness. 
Interestingly, in turn, the symbolic and kinematic 
suggestiveness of expression leaves something to our 
imagination, resulting in several rigorous metaphysical 
systems, such as mathematics, logic, and graphic art.  
Furthermore, using the metaphysical systems, we can 
further consolidate many more manifestations within a unified 
metaphysical framework—whose process may be termed 
metaphysics-consolidated expression, for instance, 
conservation laws, evolution theory, Maxwell's equations, 
special relativity, and Standard Model. Parallel to this, by the 
apparent observations with improved apparatus, we had made 
many significant findings, and named and studied them, such 
as elementary elements and particles, constant speed of light, 
DNA double helix structure, and so on.  
In comparison with the above expressions, the more 
revolutionary thing is to seek the cause of the manifestations. 
Firstly, regarding certain manifestations as evidence, we 
tentatively put forward a hypothesis as the common cause of 
the manifestations and model it with several acknowledged 
constant laws such as interaction laws, conservation laws, and 
evolution rules. Next, if the deduction or laboratorial 
development on the hypothesis does not fit into the current and 
hypotheticodeductively-forecasted evidence, we revise the 
hypothesis and try again until it fits into the evidence well, and 
then the best-matching hypothesis is regarded as true. The 
process is termed hypothetical expression. Interestingly, it is 
the hypothesis-to-manifestation research approach that has 
been helping us break through the cognitive limitation and 
power the progress of science, resulting in a series of theories 
such as heliocentricism, gravity, atomic model, energy 
quantum, general relativity, and so on. 
However, both apparent and hypothetical expressions 
remain apprehensive. On one hand, a manifestation is only a 
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limited and even nontrivial reflection to the particular originals, 
and the apparent expressions extracted from manifestations 
are therefore fallible, which further affect the legitimacy of the 
metaphysics-consolidated expressions. On the other hand, the 
hypothesis-to-manifestation expressive paradigm may pose 
our cognition or metaphysics in the risk of straying from the 
natural original-to-manifestation route—it is not surprising 
that multiple hypotheses on the same problem may exist in 
parallel for a long time—unfortunately, we have no other 
choice. These provide insight into the core thought of Taoism: 
we can name and describe manifestations, think and talk about 
Tao underlying manifestations, but expressions are not Tao 
and manifestations themselves; nevertheless, we can still 
explore both mysteries by relying on their constancy (42). 
Since manifestations and expressions are fallible, how to 
ensure that our intellectual adventure is safe? In addition to 
rigorous algorithmic rules, the expressed hypotheses or ‘truths’ 
should satisfy the following criteria from the perspective of set: 
compatibility, completeness, and simplexity. As far as the 
mind-body problem is concerned, the above thoughts of 
Kantianism and Taoism are not only compatible with each 
other but also applicable to classic and nontrivial imaging 
without the need to recruit free will. By contrast, other theories 
existing in parallel such as dualism, materialism, and idealism, 
treat the so-called free will as the cause of human activities to 
varying degrees. They are not compatible with each other, not 
to mention their absence from the work of explaining 
nontrivial imaging, which render us vague to understand the 
universe. Fortunately, the subjective perception generally 
conforms to its original. However, this is not always the case. 
Therefore, we should be open to the expressions as to the 
manifestations and Tao. 
Concluding remarks 
The main goal of the current study was to determine what 
visual awareness is. It is the first comprehensive investigation 
of the visual dynamics between thing-in-itself, brain and 
visual experience using a multidisciplinary approach 
involving philosophy, physics, logic, neuroscience, and 
psychophysics. The result reveals that visual awareness 
features an out-of-body projection, suggesting human has an 
instinct of not only subjectively imaging in response to the 
messengers of an original but also projecting the image back 
to the original. In contrast, a lack of visual OBP poses a 
significant deterioration in behavioral flexibility, for example, 
blindsight and motion-blind, sometimes called ‘phenomenal 
zombie’ (2). A potential explanation might be that OBP is an 
optimum option of evolution strategy essential for the survival 
of fast-moving creatures. 
Using the finding, this study smoothly explains nontrivial 
projections such as mirror image and starlight deflection, 
elucidates the psychophysical root of both subjectivity and 
intentionality, and highlights a growingly principled 
understanding of the relationships between original, 
manifestation and expression, suggesting cognitive science 
can be further theorized, and that the potential boundary of 
artificial intelligence that we create can be perceived. 
Although OBP plays a crucial role in visual awareness, the 
recurrent OBP pathway is just given roughly, while the only 
related hypothesis, Emmert’s law, is at variance with fact, and 
therefore the projection geometry of OBP remains to be 
experimentally determined, which will further prove that 
consciousness including self-awareness can be apprehensible 
in physical terms. In addition, other research in this field will 
require, the theory as to how consciousness arises from the 
brain activity of a life developed from a fertilized egg, and the 
empirical works that address the issues with respect to more 
accurate dynamics of sensing, emotion, and thinking. 
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Materials and Methods 
This section includes the detailed descriptions of two psychophysical experiments: the visual 
percept in response to a single-pulse diffuse reflection stimulus under the preinduced 
accommodation condition, and the multi-image response to the same original. 
1. Visual percept in response to single-pulse diffuse reflection stimulus  
1.1 Participants 
Eighteen volunteers participated in the experiment (fourteen males and four females, aged between 
ten and forty-nine years, not colorblind), six of whom have normal vision, others have corrected-
to-normal vision. They were unaware of the specific aim of the study. All participants had given 
their written consent. 
1.2 Objects of observation 
Objects to be observed include an orange metal ball and nine-piece drawings (fig. S1). The orange 
ball is 12 cm in diameter, whereas the drawings with black margin are classified as circle, square, 
and triangle types. Each type of drawing (LW: 12×12 cm) is available in red, green and cyan—
color is known to be sensitive to the cone cells that are densely distributed in the fovea (4, 5). Each 
drawing was marked on the back with a unique number from 1 to 9. 
1.3 Test equipment 
The test equipment is composed of a camera, a flash (flash model: Sidande, DF-800II), a pairs of 
master-slave wireless flash triggers (model: Sidande, WFC-02) used to synchronize the actions 
among camera, off-camera flash, and master flash trigger, a specially-designed visual preinduced 
accommodation module (VPAM) including a crosshair display circuit (CDC) and a lumen 
measurement circuit (LMC) (fig. S2A and S2B), as well as a general oscilloscope to whom two 
test point outputs of the module were connected. 
LMC can measure the change of the luminous intensity of the flash by a lumen sensor (model: 
SFH 5711-2/3), whereas CDC can present a red crosshair 2cm in diameter through eight LEDs 
after pressing the preset button of the VPAM and can be automatically closed after flash onset (fig. 
S2C). The surrounding of LEDs was obscured by a light barrier to prevent their lights from shining 
on the object to be observed, thereby ensuring that any object to be observed is always unknown 
for any subject before test. 
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1.4 Experiment of recognizing ball 
Firstly, the experimenter linked the slave trigger to the flash, pointed the flash toward the metal 
ball to be observed, and adhered the VPAM to the center of the ball that was fixed on the light-
absorbing backdrop. The VPAM and ball were shielded by a black curtain thereby obscuring 
subject’s vision. Subsequently, one subject sat down 3 m away from the ball (fig. S3A). Next, 
turning off the lamp in the room and withdrawing the curtain, the experimenter pressed the preset 
button of VPAM and asked the subject to fixate on the red crosshair for 5 seconds (fig. S3B). Then 
the experimenter pressed the button of the master trigger, and hence the flash shined on the ball 
(fig. S3C). The subject was then instructed to report the shape and color of what he/she saw. 
Repeated tests (𝑛 = 18) showed that under the preinduced accommodation condition, each 
subject reported correctly the shape and color of the ball after a single-pulse diffuse reflection 
stimulus lasting for 500 us (Table S1). 
 
1.5 Experiment of recognizing randomly selected drawing 
Eighteen random numbers in uniform distribution (discrete)—any number was no more than 9 and 
any two adjacent numbers were different, were generated in advance. Then we started the 
experiment as following. 
Firstly, According to the first unused random number in the list, the experimenter sought out the 
drawing marked with the same number and fixed it on the light-absorbing backdrop. The 
experimenter adhered the VPAM to the center of the drawing, both of which were shielded by a 
curtain thereby obscuring subject’s vision. Subsequently, one subject sat down 3 m away from the 
drawing (fig. S4A). Next, turning off the lamp and withdrawing the curtain, the experimenter 
pressed the preset button of VPAM and asked the subject to fixate on the red crosshair for 5 seconds 
(fig. S4B). Then the experimenter pressed the button of the master trigger, and the flash shined on 
the drawing for one time (fig. S4C). The subject was then instructed to report the shape and color 
of what he/she saw. So far, a test task for one subject recognizing a randomly selected drawing is 
finished, while the random number was marked as ‘used’. 
Repeated tests (𝑛 = 18) showed that under the preinduced accommodation condition, each 
subject correctly reported the shape and color of a randomly selected drawing after a single-pulse 
diffuse reflection stimulus lasting for 500 us (Table S1). 
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2. Multi-image response to same original 
This test equipment comprised two mirrors (LW: 56×35 cm), and an orange metal ball in 15 cm 
diameter. Both mirrors that stand close together had an intersection angle of approximate 130 
degree, whereas the ball was suspended approximate 25 cm above the floor. While an observer 
looked toward them, he/she could see three balls in his/her visual field (fig. S5). 
Supplementary Text: 
The home camera flash working at full power is safe for the subjects, and the visual stimulus is 
only a single-pulse diffuse reflection. Nevertheless, the experimenter had better apply a diffuser in 
front of the flash and adjust the output power of the flash to a lower level in advance. In addition, 
a dark blue filter can be applied to cover the LED array of VPAM to attenuate its luminous 
intensity. These measures can ensure that the subjects are visually comfortable.  
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Figure S1. Ten objects to be observed. (A) An orange metal ball 12 cm in diameter. 
(B) Nine drawings in different shapes and colors with black margin, on which backs 
were separately marked with a unique number from 1 to 9. 
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Figure S2. Circuit of VPAM and its response to flash. (A) Schematic frame of 
VPAM. The module contains two simple circuits, CDC and LMC. In the dark, clicking 
the preset button, CDC can present a red crosshair until LMC receives a single-pulse 
flash stimulus. The comparator can output a low level through a flip-flop to turn off the 
power switch of LEDs when the output voltage of the lumen sensor (Va) is greater than 
the threshold level 0.3V. (B) Physical appearance of VPAM. A light barrier, a trimmed 
round self-adhesive furniture pad, has a height of 2 mm. A dark blue filter to cover the 
barrier is used to attenuate the light of the LEDs (not shown). (C) Response of VPAM to 
a single-pulse flash. The duration of flash is approximate 500us at a 1/64 full power of 
flash, whereas the red crosshair goes out immediately after flash onset.  
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Figure S3. Experimental procedures of recognizing ball. (A) Layout of subject and 
equipment. A subject sat down 3 m away from the ball to be observed. (B) Subject had fixated 
on the red crosshair in the dark for 5 seconds. (C) Experimenter pressed the button of the 
master trigger, and the flash shined on the ball for one time. 
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Figure S4. Experimental procedures of recognizing randomly selected drawing. (A) 
Layout of subject and equipment. A subject sat 3 m away from the drawing to be observed. 
(B) Subject had fixated on the red crosshair in the dark for 5 seconds. (C) Experimenter 
pressed the button of the master trigger, and the flash shined on the drawing for one time. 
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Figure S5. Multi-image response to same original. 𝑄ଵᇱᇱ was a ‘ball’ that subjects could see 
and touch, whereas 𝑄ଶᇱᇱ and 𝑄ଷᇱᇱ, which could not be touched, were two nontrivial images whose 
FSPm were respectively regulated by mirror I and mirror II. The three images possess the same 
shape and color, except their positions and directions. Note that 𝑄ଵᇱᇱ, which could be touched by 
an observer, is generally regarded as a real object, it is, however, a classical brain-generated 
imagery with respect to an unknown original. 
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Table S1. The experimental result of subjects (n=18 ) recognizing metal ball and randomly 
selected drawing under single-pulse diffuse reflection stimulus and preinduced 
accommodation condition. 
 
 
 
 
 
 
 
  
   Observed object Number of subjects Single Flash stimulation  Recognition rate 
  Intensity                  Duration   
     Orange ball 18 1/64 full power              500us  100% 
Drawing 18 1/64 full power              500us  100% 
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